A Method of Bike Racer Identification Using Posture Information by 髙木 政徳
2017?? ????
?????????????????
A Method of Bike Racer Identication
Using Posture Information
????2018? 1? 30?
??????? ???
?????????? ????????
???????????
?????5116F053-3
?? ??
??
? 1? ?? 1
1.1 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
? 2? ???? 4
2.1 OpenPose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.1.1 Simultaneous Detection and Association . . . . . . . . . . . . 4
2.1.2 Condence Maps for Part Detection . . . . . . . . . . . . . . 6
2.1.3 Part Anity Fields for Part Association . . . . . . . . . . . . 6
2.1.4 Multi-Person Parsing using PAFs . . . . . . . . . . . . . . . . 7
2.2 ??????????? . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2.1 ?? SVM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2.2 ??? SVM . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2.3 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
? 3? ???? 16
3.1 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.2 ???????????????? . . . . . . . . . . . . . . . . . . . . 17
3.2.1 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2.2 3???????? . . . . . . . . . . . . . . . . . . . . . . . . 19
3.3 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.4 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.5 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.6 ???????????? . . . . . . . . . . . . . . . . . . . . . . . . . 24
i
3.7 ??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
? 4? ???? 30
4.1 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.1.1 ????????? . . . . . . . . . . . . . . . . . . . . . . . . 30
4.1.2 ?????????????????? . . . . . . . . . . . . . 30
4.1.3 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.2 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.2.1 ??????????????? . . . . . . . . . . . . . . . . . 33
4.2.2 ?????????????? . . . . . . . . . . . . . . . . . . 34
4.2.3 ???????????? . . . . . . . . . . . . . . . . . . . . . 38
4.3 ??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
? 5? ?? 40
?? 41
???? 42
???? 44
ii
???
2.1 OpenPose??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2 Part Anity Fields??????? . . . . . . . . . . . . . . . . . . . 8
3.1 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.2 ???????? (D = 5) . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.3 ???????? (D = 15) . . . . . . . . . . . . . . . . . . . . . . . . 18
3.4 ???????? (D = 30) . . . . . . . . . . . . . . . . . . . . . . . . 18
3.5 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.6 ???????????? . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.7 ??????? (?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.8 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.9 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.10 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.11 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.12 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.13 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.14 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.15 ??????? (???) . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.16 ????????????? (?) . . . . . . . . . . . . . . . . . . . . . 28
3.17 ????????????? (???) . . . . . . . . . . . . . . . . . . . 28
3.18 ????????????? (???) . . . . . . . . . . . . . . . . . . . 28
3.19 ????????????? (???) . . . . . . . . . . . . . . . . . . . 28
3.20 ????????????? (???) . . . . . . . . . . . . . . . . . . . 28
3.21 ????????????? (???) . . . . . . . . . . . . . . . . . . . 28
3.22 ????????????? (???) . . . . . . . . . . . . . . . . . . . 29
iii
3.23 ????????????? (???) . . . . . . . . . . . . . . . . . . . 29
3.24 ????????????? (???) . . . . . . . . . . . . . . . . . . . 29
4.1 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.2 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
4.3 ????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.4 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.5 ???????????? . . . . . . . . . . . . . . . . . . . . . . . . . 38
iv
???
2.1 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.1 ???????????????? . . . . . . . . . . . . . . . . . . . . 24
4.1 ????????????????? . . . . . . . . . . . . . . . . . . . 31
4.2 Confusion Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.3 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.4 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.5 ???????????????????? . . . . . . . . . . . . . . . 34
4.6 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
4.7 ????????? SVM??????? . . . . . . . . . . . . . . . . 35
4.8 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
4.9 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.10 ????????? SVM??????? . . . . . . . . . . . . . . . . 38
v
? 1?
??
1.1 ?????
2020????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????????????? PITCHf/x[1]???
??????????????? The Hawk-Eye Ociating System[2]???????
????????????????????????????????????????
?????
???????????????????????????????????????
????????????????????????????????????????
??????????????????? (??????)?????????????
?????? 3??? 3000???????????????????????22???
(1?????? 9?)???? 200????????????????????????
190???????????????????? 35????? [3]?????????
?????????????????????????????4  9????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????
??????????????????????????????? [4, 5]?????
1
?????????????????????? [6]????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????
??????????????????????????????? [7, 8]?????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????? [9]????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
1.2 ?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????OpenPose[10]?????????????
????????????????????????????????????????
1??? 4  9??????????????????????? (?? 9?)?????
???????????????????????????????
1.3 ??????
?????5??????????
? 1????????????????????????????
? 2 ?????????????????????????? OpenPose ?????
?????????????? SVM?????????
? 3?????????????????????????????????????
2
? 4 ????????????????????????? (Convolutional Neural
Network??? CNN)????????????????? 3???????????
??????????
? 5???????????????
3
? 2?
????
????????????????????? OpenPose?????????????
?????? SVM?????????
2.1 OpenPose
Zhe? [10]????? Real time multi person 2D pose estimation(???OpenPose)
??????????? 2D ??????????????????????????
????????????????????????????? [11, 12] ??????
Condence Maps? Part Anity Fields?????????????????????
????????????????????????????????????????
???????????????????????????????????????
??OpenPose???????????????? 2.1????
2.1.1 Simultaneous Detection and Association
? 2.1 ? OpenPose ????????OpenPose ???? w ? h[pel] ??????
???????????????????????????????????????
VGG-19[13]???? 10????????????? F ??? Stage 1???????
? Stage??????????????????? 2.1? Branch 1?????????
2D Condence Maps S ?????Branch 2????????????? 2D????
???? Part Anity Fields L??????Condence Maps S ??? Part Anity
Fields L???????? (2.1)?? (2.2)??????
4
S = (S1?S2?: : :?SJ)?Sj 2 Rwh?j 2 (1?: : :?J) (2.1)
L = (L1?L2?: : :?LC)?Lc 2 Rwh2?c 2 (1?: : :?C) (2.2)
???J ??????C ???????????
Stage 1? Condence Maps S1 = 1(F )??? Part Anity elds L1 = 1(F )?
?????????1 ??? 1 ??Stage 1???? CNN?????????? Stage
????????1??? Stage????????? Stage 1???? F ??????
????????????????
St = t(F ;St 1;Lt 1);8t  2 (2.3)
Lt = t(F ;St 1;Lt 1);8t  2 (2.4)
? Stage?????????? Branch??????????????? t?? Branch
????????????????
f tS =
JX
j=1
X
p
W (p)  kStj(p)  Sj (p)k22 (2.5)
f tL =
CX
c=1
X
p
W (p)  kLtc(p) Lc(p)k22 (2.6)
????S?L ???? Condence maps??? Part Anity Fields?W ????
?????????? p?????????????W (p) = 0????
????????????????
f =
TX
t=1
(f tS + f
t
L) (2.7)
????T ??? Stage?????
5
? 2.1 OpenPose???
2.1.2 Condence Maps for Part Detection
? (2.7) ????????????? Condence Maps S ??????????
? 2D ????????????????????????????????????
?????? j??? k ????? Condence Maps???????????????
Condence Maps Sj;k(???)???? k ?????????
Sj;k(p) = exp

 kp  xj;kk
2
2
2

(2.8)
?????????????????????????????Map???????
??????????????? Condence Maps????????????
Sj (p) = max
k
Sj;k(p) (2.9)
2.1.3 Part Anity Fields for Part Association
??????????????????????????????????????
??? 2.2? Part Anity Fields????????????? 2.2?????xj1;k?xj2;k
6
?? k ??? c?????? j1?j2 ???????????? c?????? p???
??Lc;k(p)? j1 ?? j2 ?????????????????????? (2.10)???
???
Lc;k(p) =
(
v (if p on limb c; k)
0 (otherwise)
(2.10)
???????????????????????????? Part Anity Fields?
????????? Fields??????
Lc(p) =
1
nc(p)
X
k
Lc;k(p) (2.11)
?????????? Part Anity Fields???????????????????
???????????????????????????
E =
Z u=0
u=1
Lc(p(u))  dj2   dj1kdj2   dj1k2
du (2.12)
p(u) = (1  u)dj1 + udj2 (2.13)
2.1.4 Multi-Person Parsing using PAFs
???????????????????????????????????????
???????????Anity Fields??????????????????????
???????????????????NP-Hard????? K??????????
?????
max
Zc
Ec = max
Zc
X
m2Dj1
X
n2Dj2
Emn  zmnj1j2 (2.14)
max
Z
E =
CX
c=1
max
Zc
Ec (2.15)
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? 2.1 ???????
????
1 Nose
2 Neck
3 Right Shoulder
4 Right Elbow
5 Right Wrist
6 Left Shoulder
7 Left Elbow
8 Left Wrist
9 Right Hip
10 Right Knee
11 Right Ankle
12 Left Hip
13 Left Knee
14 Left Ankle
15 Right Eye
16 Left Eye
17 Right Ear
18 Left Ear
? 2.2 Part Anity Fields???????
8
2.2 ???????????
??????????? [14, 15](???SVM)??????????? 1??????
?????????????????????? [16, 17, 18]?????? 2?????
???2????????????????????????????????????
???????????????????
2.2.1 ?? SVM
n???????????? f(xi?yi)gi2[n] ? d???????? xi 2 Rd ????
?? yi 2 f 1?1g?????????????????????? f ?????? g ?
???????????
g(x) =
(
1 (f(x) > 0)
 1 (f(x) < 0) (2.16)
??? f(x)????????????????
f(x) = wTx+ b?w 2 Rd?b 2 R (2.17)
g(x)????? f(x) = 0?????????????????????f(x) = 0?
?? x???????????????????????????????
2.2.1.1 ???????
???? f(xi?yi)gi2[n] ????????????????????????????
???????????????????? yi ???????????????? yi ?
f(xi)?????????? yif(xi) > 0?????????????????????
?????? i 2 [n]???? yif(xi) > 0???????? f(xi)?????????
??????????????????????? SVM??????????????
????????????????????????????? (????)?????
????????
?? xi ????????????????????????????? (2.18)???
9
???????
wTxi + b
kwk (2.18)
????????????????? i 2 [n]???? yif(xi) > 0?????????
?M > 0?????yif(xi)  M ????? i 2 [n]???????????????
?????????????????????
max
w;b;M
M
kwk (2.19)
???????? yif(xi) M?i 2 [n]????????????? xi? xi0 ?????
M
kwk =
yi0(w
T)xi0 + b
kwk =
jwTxi0 + bj
kwk (2.20)
???? ~w = w=M?~b = b=M??????? (2.19)?????????
max
~w;~b
1
k ~wk (2.21)
????1=kwk????? kwk2 ?????????????? (2.19)???????
????
min
w;b
kwk2 (2.22)
??????? yi(wTxi + b)  1?i 2 [n]????
2.2.1.2 ???????
???? f(xi?yi)gi2[n] ????????????????????????????
????????????????????????????????????????
????? (2.22)?????????????????
yi(w
Txi + b)  1  i?i 2 [n]?i  0 (2.23)
? (2.23)????? 1??????????xi ?????????????????
????????????????
??? xi ??????????yi(wTxi+ b) < 0??????? (2.23)??????
?????? i > 1???????????????????????? K?????P
i2[n] i > K ?????????????????????????????????
10
????SVM???????????????
min
w;b;
1
2
kwk2 + C
X
i2[n]
i (2.24)
??????? (2.23)????????????  = (1; : : : ; n)T ?????? C ??
???????????? C ? i ??????????C ?????????????
?????????????C =1???????????????????????
2.2.2 ??? SVM
?? SVM??????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????
2.2.2.1 ????
????????? (2.22)(2.24)??? SVM??????????????????
????????????????????????????????????????
???????????????
f(w; ) =
1
2
kwk2 + C
X
i2[n]
i
g(w; b; i) = yi(w
Txi + b)  1 + i  0
h(i) = i  0
i 2 [n]
(2.25)
????????  = (1; : : : ; n)T? = (1; : : : ; n)T ?????????????
???????????
L(w; b; ;;) = f(w; ) 
X
i2[n]
ig(w; b; i) 
X
i2[n]
ih(i)
=
1
2
kwk2 + C
X
i2[n]
i
 
X
i2[n]
i(yi(w
Txi + b)  1 + i) 
X
i2[n]
ii
(2.26)
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????w; b;  ?????;????????????????????????
?????????? P (w; b; )?????
P (w; b; ) = max
0;0
L(w; b; ;;)
=
1
2
kwk2 + C
X
i2[n]
i
  max
0;0
X
i2[n]
i(yi(w
Txi + b)  1 + i) 
X
i2[n]
ii
 (2.27)
?????yi(wTxi + b)  1+ i < 0??? i < 0?????? L(w; b; ;;)???
?????????????yi(wTxi + b)  1 + i  0??? i  0????????
(2.27)? 3?????? 0????? (2.24)???????????????????
?????? P (w; b; )??????????P (w; b; )?????????????
min
w;b;
P (w; b; ) = min
w;b;
max
0;0
L(w; b; ;;) (2.28)
??? (2.24)???????
??????????? L(w; b; ;;)?????????????????
D(;) = min
w;b;
L(w; b; ;;) (2.29)
??? D(;)???????????????
max
0;0
D(;) = max
0;0
min
w;b;
L(w; b; ;;) (2.30)
?????????????????????????????????? (2.30)???
????????????L? w?b?i ????? 0???????????????
????????
@L
@w
= w  
X
i2[n]
iyixi = 0 (2.31)
@L
@b
=  
X
i2[n]
iyi = 0 (2.32)
@L
@i
= C   i   i = 0 (2.33)
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? (2.31) ???L ? w ?????????????w =
P
i2[n] iyixi ? L ???
???????L? b? i ????? 1?????????????????????
???????? L?????????????????????D(;)?????
???????? (2.32)?? (2.33)????????????????????????
(2.26)??????????
L =
1
2
kwk2  
X
i2[n]
iyiw
Txi   b
X
i2[n]
iyi
+
X
i2[n]
i +
X
i2[n]
(C   i   i)i
=  1
2
X
i;j2[n]
ijyiyjx
T
i xj +
X
i2[n]
i
(2.34)
? (2.33)???C   i = i  0??????????????SVM???????
??????????
max


 1
2
X
i;j2[n]
ijyiyjx
T
i xj +
X
i2[n]
i

(2.35)
????????????? X
i2[n]
iyi = 0
C  i  0
i 2 [n]
(2.36)
2.2.2.2 ????
?? x??????? F ????????  : Rd ! F ??????????(x)?
????????????????? (2.17)?????????????
f(x) = wT(x) + b (2.37)
???w ????? F ?????????????????? (2.35)???????
?????????
max


 1
2
X
i;j2[n]
ijyiyj(xi)
T(xj) +
X
i2[n]
i

(2.38)
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??????? (2.36)???????
???????????????? ((xi)T(xj))?????????????(x)
??????? (xi)T(xj) ??????????????????????????
?????????????????????????
K(xi;xj) = (xi)
T(xj) (2.39)
???????????????????(x)????????? K(xi;xj)???
????????????????????????????? RBF???? (Radial
Basis Function Kernel)????????????????
K(xi;xj) = exp( kxi   xjk)?( 2 R;  > 0) (2.40)
2.2.3 ??????
2.2.2?????????? 2??????????????????? 3?????
????????????????2??? SVM????? SVM?????????
???????2??? SVM????? SVM?????????? 1????? 1?
1????????
2.2.3.1 1????
1???? (one-versus-rest)??????????? x????? x???????
?????????????????k ?????????? xi ??????????
?? xi ??????????????? 2??????????? fk(x)????1?
??????fk(x)????????????????????????? x?????
????? g(x)???????????
g(x) = argmax
k2[c]
fk(x) (2.41)
??????????????? fk(x)?????? x???? k ?????????
????????????????????????????? 2??????????
??????????????????????????????????
2.2.3.2 1? 1??
1? 1?? (one-versus-one)??????????????????????????
???? 2????????????????c???????????? i???? j
14
????????????????? 2??????????????????????
???????????????????? c(c   1)=2?????????? x???
?????????? c(c  1)=2?????????????????
15
? 3?
????
???????????????????????????????????
3.1 ????
OpenPose????????????????? json??????????????
??????????
Listing 3.1 ????????
{
"version ":0.1 ,
"bodies ":[
{" joints ":[1114.15 ,160.396 ,0.846207 ,...]}
{" joints ":[...]}
]
}
???????????????????????????????????????
?????????????????? t????????? t  1?????????
?????? Y ????????????????Residual Sum of Squares?RSS??
??????????????????????????RSS??????? f ???
?????? Y ?????????????????? g(Y )????????.
16
g(Y ) = argmin
k2K
f(Yk)
= jY   Yk;t 1j2
=
JX
j=1
(xj;t   xj;t 1;k; yj;t   yj;t 1;k)2
(3.1)
????K ???????J ??????(xj;t;k; yj;t;k)????? t?????? k ?
????????
3.2 ????????????????
OpenPose??????????????????????? y??????????
?? 3.1??????????????????????? 3.1???????????
??????? (??????)??????????????????????????
3.2.1 ?????
Math Works???????????????MATLAB[19]? ndpeaks?????
?? 3.1????????????????????????????? D ??????
D???????????????????D = 5?15?30?????????????
?????? 3.2?? 3.3?? 3.4 ????????????????????????
???????????? 3.2?? 3.3?? 3.4?????????????? D ???
???????????????????????? D ??????????????
????????????????????????????? D ?????????
???????????? D ?????????????
17
? 3.1 ???????? ? 3.2 ???????? (D = 5)
? 3.3 ???????? (D = 15) ? 3.4 ???????? (D = 30)
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3.2.2 3????????
? 3.3????????????? 30????????????????? 30???
?? 1???????????????????????? Y ???????????
??? 3????????? [20]?????3???????????3???????
?????????????N + 1????? (x0; y0); (x1; y1); (x2; y2);    ; (xN ; yN )?
?? [xi; xi+1]????????? Si(x)??????????? S ???????3.2?
???????
Si(x) = ai(x  xi)3 + bi(x  xi)2 + ci(x  xi) + di (3.2)
i = 0; 1; 2;    ; N   1 (3.3)
??3.2???? a?b?c?d??????? 3??????????????????
N +1?????????N ??????????????????????????
????? (a?b?c?d)????????? 4N ?????????????????
???4N ???????????????????????? 4N ?????????
??????????????????? (a?b?c?d)?????
?? 1
????? S ??????????????????????????????
???????????2N ??????????
?? 2
????????????????????????????????????
N   1??????????
?? 3
????????????????????????????????????
N   1??????????
?? 4
?? x0,xN ?????????? 0?????????
S000 (x0) = S
00
N 1(xN ) = 0 (3.4)
????
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????x = xi ???????????? vi ????????
vi = S
00
j (xi)?(i = 0; 1; 2;    ; N?j = i  1; i) (3.5)
? (3.2????
S00i (x) = 6ai(x  xj) + 2bi (3.6)
????x = xi ???????? (3.5)?????
bi =
vi
2
(3.7)
????? 3?? vi+1 = S00i (xi+1)????
vi+1 = S
00
i (xi+1) = 6ai(xi+1   xi) + 2bi (3.8)
??????? (3.7)???
ai =
vi+1   2bi
6(xi+1   xi)
=
vi+1   vi
6(xi+1   xi)
(3.9)
?? 1???????? S ????????????????????? xi ?????
Si(xi) = yi ????? (3.2???????
di = yi (3.10)
???Si(xi+1) = yi+1 ???????? (3.2????????
ai(xi+1   xi)3 + bi(xi+1   xi)2 + ci(xi+1   xi) + di = yi+1 (3.11)
????? (3.7?(3.9?(3.10???????????
ci =
1
xi+1   xi fyy+1   ai(xi+1   xi)
3   bi(xi+1   xi)2   dig
=
1
xi+1   xi

yy+1   vi+1   vi
6(xi+1   xi) (xi+1   xi)
3   vi
2
(xi+1   xi)2   yi

=
yi+1   yi
xi+1   xi  
1
6
(xi+1   xi)(2vi + vi+1)
(3.12)
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?? 2???
S0i(xi+1) = S
0
i+1(xi+1) (3.13)
?????? (3.2????
3ai(xi+1   xi)2 + 2bi(xi+1   xi) + ci = ci+1 (3.14)
??????? (3.14??? (3.7)(3.9)(3.10)???????
1
2
(xi+1   xi)(vi+1   vi) + vi(xi+1   xi) + yi+1   yi
xi+1   xi  
1
6
(xi+1   xi)(2vi + vi+1)
=
yi+2   yi+1
xi+2   xi+1  
1
6
(xi+2   xi+1)(2vi+1 + vi+2) (3.15)
????????
(xi+1   xi)vi + 2(xi+2   xi)vi+1 + (xi+2   xi+1)vi+2
= 6

yi+2   yi+1
xi+2   xi+1  
yi+1   yi
xi+1   xi

(3.16)
?? 4???? (3.5)?? v0 = vN = 0????? (3.16)???????????
0BBBBBBBB@
2(h0 + h1) h1
h1 2(h1 + h2) h2
. . .
hi 1 2(hi 1 + hi) hi
. . .
hN 2 2(hN 2 + hN 1)
1CCCCCCCCA
0BBBBBBBB@
v1
v2
...
vi
...
vN 1
1CCCCCCCCA
=
0BBBBBBBB@
w1
w2
...
wi
...
wN 1
1CCCCCCCCA
(3.17)
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????
hi = xi+1   xi
wi = 6

yi+1   yi
hi
  yi   yi 1
hi 1
 (3.18)
? (3.17)?????????????????? vi ????? (3.7)(3.9)(3.10)(3.12)
????? ai?bi?ci?di ?????????? S ?????????????????
???????????? S = (S1;    ; SJ)?????
? 3.3?????????????????? T1?T2??????????? l???
???????? Yl(1  l  30)??????Yl = (Y1l;    ;YJl)???????? Yjl
? 3???????????????????? S ????????????????
Yjl = (xjl; yjl)
xjl =
T2   T1
30
l + T1
yjl = S
j(
T2   T1
30
l + T1)
j 2 1;    ; J
(3.19)
3.3 ????
??????????????????????????????????????
???????????????????????????????????????
?????????????OpenPose ?????????????????????
????????? (x; y ??) ?????????????????????????
????????????????????????????????? f??????
Yneck = (xneck; yneck)?????????????????????????
f(Y ) = Yj   Yneck = (xj   xneck; yj   yneck) (3.20)
????
Y = (Y1;    ;YJ)
Yj 2 Z  R
j 2 1;    ; J
(3.21)
????
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3.4 ??????
? 3.3????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
????? f???????? Yrightsholder???????? Yleftsholder ?????
???? Y ??????????? 1??????????????????????
???
f(Y ) =
Y
jYrightsholder   Yleftsholderj
=
Y
jxrightsholder   xleftsholder; yrightsholder   yleftsholderj
(3.22)
3.5 ?????
OpenPose???????????? Y ???? 3.5??????????????
????????????????????????????????????????
??????????? SVM ?????????????????????????
???????????????????????????????????????
???????????????????????????????????? - ?
???????????????????????????? 3.7   ? 3.15?????
??????????????????????????????????? 3.16   ?
3.24????? 3.7   ? 3.15??????????????????????????
???????????? 3.16   ? 3.24?????????????????????
????????????????????????????????????????
??? 2????????????????????????????????????
?????????? 1??30?????????????????????????
?????????1??????????????????????????????
?????? 3.1????
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? 3.5 ???????
? 3.1 ????????????????
?????? 1????????????? ???????
??? 1 20-30 6.5%
??? 2 15-30 11.8%
??? 3 10-30 20.8%
3.6 ????????????
?????????????? 1 ???????????????????????
???????????????????????????????????? 3.6 ?
?????????????????????? 1 ?????? t ?????????
SVM?????????????????????????????????????
????????????????????????????????????????
???
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? 3.6 ????????????
3.7 ???
???????????????????????????????????OpenPose
????????????????????????????????????????
?????????????????????????????????? 3?????
????????????????????????????????????????
????????????SVM?????????????????????????
?????????????????
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? 3.7 ??????? (?) ? 3.8 ??????? (???)
? 3.9 ??????? (???) ? 3.10 ??????? (???)
? 3.11 ??????? (???) ? 3.12 ??????? (???)
26
? 3.13 ??????? (???) ? 3.14 ??????? (???)
? 3.15 ??????? (???)
27
? 3.16 ????????????? (?) ? 3.17 ????????????? (???)
? 3.18 ????????????? (???) ? 3.19 ????????????? (???)
? 3.20 ????????????? (???) ? 3.21 ????????????? (???)
28
? 3.22 ????????????? (???) ? 3.23 ????????????? (???)
? 3.24 ????????????? (???)
29
? 4?
????
???? CNN??????????????? 3????????????????
???????
4.1 ?????
4.1.1 ?????????
?????????????? YOLO(You Only Look Once)[21]?????????
??? (1920  1080[pel]?30fps) ????????????????YOLO ????
80%???????person????????????????????????????
2017????? 22??????????????? 1100??????? 2200???
? 3300????????????????????????????????????
???????? 13200 ????????????????????????????
??????????????????????????????? 2017??????
?????????????????????? 4.1????
4.1.2 ??????????????????
???????????????????? Chainer[22]???????? CNN??
???? GoogleNet[23] ????????????? 20 ?????????????
4.1????? 4.1?????????????????????
30
? 4.1 ?????????????????
??? ??? ??? ??
TEAM SKY 600 50 650
AG2R LA MONDIALE 600 50 650
MOVISTAR TEAM 600 50 650
TREK - SEGAFREDO 600 50 650
BMC RACING TEAM 600 50 650
ASTANA PRO TEAM 600 50 650
UAE Team Emirates 600 50 650
FDJ 600 50 650
ORICA - SCOTT 600 50 650
TEAM DIMENSION DATA 600 50 650
QUICK - STEP FLOORS 600 50 650
BORA - HANSGROHE 600 50 650
TEAM KATUSHA ALPECIN 600 50 650
LOTTO-SOUDAL 600 50 650
TEAM SUNWEB 600 50 650
COFIDIS, SOLUTIONS CREDITS 600 50 650
TEAM LOTTO NL - JUMBO 600 50 650
DIRECT ENERGIE 600 50 650
CANNONDALE DRAPAC PRO CYCLING TEAM 600 50 650
BAHRAIN - MERIDA 600 50 650
WANTY-GROUPE GOBERT 600 50 650
FORTUNEO - VITAL CONCEPT 600 50 650
?? 13200 1100 14300
4.1.3 ????
?????? 50 ??????????????????? 4.3 ?????????
? Accuracy?Precision?Recall ?????? 4.2 ???????????Accuracy?
Precision?Recall????????????????
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? 4.1 ????????
Accuracy =
TP + TN
TP + FP + FN + TN
(4.1)
Precision =
TP
TP + FP
(4.2)
Recall =
TP
TP + FN
(4.3)
? 4.2 Confusion Matrix
Actual Class
Positive Negative
Predicted Class
Positive TP (TruePositive) FP (FalsePositive)
Negative FN(FalseNegative) TN(TrueNegative)
? 4.3 ???????
Accuracy Precision Recall
99.80% 97.87% 97.82%
? 4.3???Accuracy?Precision?Recall??????? 97%??????????
????????????????????????????????????????
???????????????
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???????????????????????????????????????
????????????????????????????????????????
???????????
4.2 ????
? 3 ????????????????????????????????1920 
1080[pel]?30[fps]????? SVM ???????????????????????
SVM ???????? RBF ????????RBF ??????????  ????
??????????????? C ??????????????  = f0:01?0:001
?0:0001g?C = f0:1?0:5?1:0?5:0?10:0?50:0?100:0g???SVM?????????
? 1? 1???????????????? 4  9???????1???? 6????
?? (?? 60???)??????
4.2.1 ???????????????
????????????????????????????OpenPose??????
??? Y ? 28???????? 18??????????????? 14?? x; y ?
??? 1??????????? SVM????????????????? Y ???
?????????????????????????????????????? 4.4
???????SVM?????????????? 4.5????
? 4.4 ??????????
????? ??????
4? 4000 2000
5? 5000 2500
6? 6000 3000
7? 7000 3500
8? 8000 4000
9? 9000 4500
? 4.5???4????????? 6??????????????????????
?????????9?????????? 4???????????????????
??????? (????)???????????????????? (???????
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? 4.5 ????????????????????
??? [%]
4? 63.50
5? 56.92
6? 49.97
7? 46.46
8? 45.33
9? 39.02
?)??????????????????????????????????????
????????
4.2.2 ??????????????
??????????????????????????? 1??30???????
????? 1???????? (?????? Y ? 28??  30???? = 840???
???SVM???????????30?????????? 1???????????
????????????????????????????????????????
???????????????????????????? k ???????? 2 ?
?????????????????2k ?????????? SVM?????????
????????????
???SVM?????????????????????????????????
?????????????????????? 1.??????????2.?????
???????????????????1.????????????2.???????
????????????????????? 4??????????????????
???????????????????????? 4.6????
? 4.6 ??????
??? [%]
1.??????????2.??????????? 68.3
1.????????????2.????????? 71.4
? 4.6???1.??????????2.???????????????1.?????
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???????2.????????????????????????????????
?????????? (?????)?????????????? 2????????
????????????????????????????????????????
??????????????????????????????????
4.2.2.1 ?????????
?????????????????????????????????? 3.5???
??????????????????????????????? 4  9??????
?????????????????????? SVM????????? 4.7????
??????? 4.2???????????????????????????????
????????? 4.8 ??????????? 0 ????????????????
?????????
? 4.7 ????????? SVM???????
?????? 4? 5?? 6? ? 7?? 8? 9?
??? 0 82.10% 82.95% 81.80% 78.24% 72.97% 66.02%
??? 1 80.02% 83.85% 82.17% 81.51% 73.07% 64.06%
??? 2 81.70% 84.12% 83.67% 80.37% 74.70% 67.64%
??? 3 81.71% 85.58% 83.89% 80.28% 76.08% 69.17%
? 4.8 ??????????
????? ??????
4? 240 60
5? 300 75
6? 360 90
7? 420 105
8? 480 120
9? 540 135
? 4.8????????????????????????????? (? 4.4)???
????????????????????????????????????????
??? 4?? 82:10%?9?? 66:02%?????????????? 4.2???????
35
? 4.2 ??????????
???????????????? (??? 3)???????????????????
??????????????????????????
4.2.2.2 ???????
? 3.16   ? 3.24???????????????????????????????
????????????????????????????????????????
????????????????????? 4.3????? 4.3??????????
???????????????????????????????? 4.3a?? 4.3b?
????????????????????????????????????????
??????
? 3.3?????????????????????????????????? 3.16
????????????????????????????????????????
??????????????????????????????? SVM??????
???????????? 4.9????? 4.9???????????????????
?????????????????????????????? SVM???????
??????????????????
4.2.2.3 ?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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(a) ???? (b) ???
? 4.3 ?????????
? 4.9 ????????
4? 5?? 6? ? 7?? 8? 9?
??? 82.10% 82.95% 81.80% 78.24% 72.97% 66.02%
??? 75.50% 72.08% 75.70% 74.39% 67.90% 64.06%
???????????????????????????????? 4.4??????
SVM?????????????? 4.10????
? 4.4 ?????
? 4.10????????????????????????????????????
????????????????????????  5%?????????????
???  0:3%????????????????????
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? 4.10 ????????? SVM???????
??? [%]
?? 71.4
??? 67.9
??? 71.1
??? 66.4
??? 69.5
4.2.3 ????????????
??? 4  9?????????? t(1 5 t 5 12)????????????????
???????????????????? 4.5????4?5????? 7??????
????6   9????? 10?????????????????????? 9???
?????????????
? 4.5 ????????????
4.3 ???
?????CNN??????????????? 3???????????????
????????CNN?????????????????????? 2017????
? 22??????? accuracy? 99.8%?????????????????????
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???????OpenPose????????????????????????????
?????????????????????????????SVM????????
??? 4????? 82.10%?9????? 69.17%?????????????????
????????????????1?????????????????? SVM??
???????????4?5 ????? 6 ?????6  9 ????? 10 ?????
90%????????????????????????
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? 5?
??
???????????????????? OpenPose??????????????
??????????????????????????
CNN???? 22???????????????????? Accuracy? 99.8%?
???????????????????????????????????????
??OpenPose?????????????????????????????????
????????????????????????SVM??????????? 4?
???? 82.10%?9????? 69.17%??????????????????????
???????????1?????????????????? SVM???????
?????????4?5????? 6?????6  9????? 10????? 90%?
???????????????????????
40
??
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????
???????????????????????????????????????
??????
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